Summary
We Accumulating evidence indicates that oxidative stress is involved in various degenerative diseases (1) . It would be preventable by antioxidants derived from daily foods or beverages; thus flavonoids have received great atten tion because of their antioxidant activities. Green tea is a popular beverage, particularly among Japanese, and contains large quantities of flavonoids, mainly cate chins (flavan-3-ols). The major tea catechins are (-) epicatechin (EC), (-)-epicatechin-3-O-gallate (ECg), (-)-epigallocatechin (EGC), and (-)-epigallocatechin 3-O-gallate (EGCg). EGCg has been shown to have many biological effects, such as antioxidative, antimutagenic, and anticarcinogenic activities (2, 3) . To clarify the bio logical effect of tea catechins in humans, it is important to elucidate their concentration in biological samples such as plasma.
Generally, tea catechins in foods can be analyzed by high-performance liquid chromatography (HPLC) with an ultraviolet detector (4). However, the ultraviolet-de -tection system is not sensitive enough for the analysis of tea catechins in plasma samples, because the concen trations of EGCg in plasma have been shown to be about 100-600nM at 1-2h after giving an excess amount of tea extract to human subjects (5) (6) (7) (8) . Therefore several sensitive HPLC methods have been developed for cate chin analysis, e. g., an HPLC system equipped with a coulometric array detector (5, 6) or with a chemilumi nescence detector (7) . In these and other methods, however, tea catechins are generally extracted from plasma by several additions of ethyl acetate, and the ex tracted samples contain more nonpolar substances than tea catechins. The nonpolar substances are eluted by analytical chromatography after elution of tea cate chins and interfere with repeated analyses. Further more, it is difficult to handle many samples and to satis factorily recover tea catechins at one time by the solvent extraction. This problem would be solved by a solid phase extraction (SPE) method, in which more nonpo lar substances and polar substances than tea catechins could be eliminated by the selection of an appropriate washing and eluting solvent during the SPE procedure. To our knowledge, however, such a practical extraction method has not yet been reported.
In 
RESULTS

Setting of electrode voltage in ECD
The Coulochem II detector has a guard cell and an analytical cell with two electrodes, and the detection was usually performed in electrode 2 in the analytical cell. To examine the reactivity of tea catechins to elec trode 2, the voltage of electrode 1 was fixed at 0mV, and that of electrode 2 was changed to +150mV to +500 mV. A guard cell was inserted between the pump and the injector to eliminate background noise derived from the solvent. The voltage of the guard cell was fixed at +600mV because it generally set at plus 100mV of the voltage of electrode 2. As shown in Fig. la, 10pmol of EGCg, EC, and ECg were efficiently reacted with an ap plied voltage of > +100mV. In the case of EGC, a volt age of more than +400mV was needed to get a similar response. This insufficient response. of EGC to electrode 2 was attributed to the ECG having already reacted to electrode 1 with 0mV, which was observed by the mon itor of Coulochem II. Therefore the voltage of electrode 2 and the guard cell were fixed at +150mV and +250mV, respectively, and the voltage of electrode 1 was negatively charged up to -200mV. In this condi tion, the response of EGC to electrode 2 was almost maximal at voltages of less than -100mV as applied in electrode 1 (Fig. 1b) . According to these findings, the applied voltages of electrode 1, electrode 2, and the guard cell were thought to be optimum at -150mV, +150mV, and +250mV, respectively. When 10pmol of catechins existing in tea were injected into the HPLC system in this condition, each catechin was sensitively detected as a single peak, as shown in Fig. 2 . Solid phase extraction (SPE) of tea catechins Various experimental conditions for SPE were tested to clean up HPLC samples. When the C18 cartridge was used for the solid phase, acetonitrile that previously pre cipitated proteins in plasma samples prevented adsorp tion of tea catechins in the C18 cartridge. However , if the concentration of acetonitrile was less than 12% , the catechins in the samples were completely trapped in the C18 cartridge. Excess ascorbic acid added to the sample as an antioxidant markedly reacted to the ECD . There fore it was necessary to eliminate excess ascorbic acid from HPLC samples. This ascorbic acid and other inter fering substances that might exist in the HPLC samples were eliminated by rinsing the cartridge with 4mL of 50mM phosphate buffer (pH 3.0), followed by 2mL of 5% methanol containing 50mM phosphate buffer (pH 3.0). All the tea catechins trapped within the C18 car tridge were eluted with 1mL of 10% acetonitrile-90% methanol. The recovery of each catechin was >97% in this condition. When human plasma samples obtained before and 60min after taking tea catechins (330mg) stances, and sensitivity. For example, although a fluo rescence detector is used as a general detector in many laboratories, it is applicable only for EC and +C (excita tion at 280nm, emission at 310nm) (4, 9) and is not sensitive enough for the detection of plasma samples. The chemiluminescence detection method reported by Nakagawa and Miyazawa (7) can sensitively detect EGCg only. The coulometric array detection method is applicable for many catechins (5, 6) , but the detector is very expensive to use. Recently, ECD has been used as a general detector in many laboratories. We therefore ap plied ECD to the analysis of tea catechins in plasma samples. There are two types of ECD: amperometric and coulometric. The latter has been well established to be more sensitive than the former because of the structural differences in its electrode. In our previous study (10), we showed that the optimum applied potential of the amperometric ECD for tea catechins is+600mV versus Ag/AgCl. On the other hand, the optimum applied po tential of the coulometric detector (Coulochem II) used in this study was +250mV for the guard cell and -150mV and +150mV for electrode 1 and electrode 2 of the analytical cells, respectively. When the sensitiv ity of the two types of ECD was compared for the analy sis of tea catechins, it was about 5-8 times higher in the coulometric ECD than in the amperometric ECD. Generally, ethyl acetate has been used to extract tea catechins from plasma and urine (5, 6) . In our prelimi nary experiment, we also used ethyl acetate as the sol vent and found that the solvent extraction method re quired several extractions to achieve a satisfactory re covery; it was thus time consuming. In contrast, the respectively, and evaluated only total cate chins (free form+conjugated form) in plasma and urine after repeated administrations of the Catechins. In their study, they have shown that the absorption of nongal lated catechins (EC and EGC) was higher than that of gallated forms (EGCg and ECg). In a rat study, it has been reported that EC was immediately glucuronized after absorption (12) . These facts may indicate that nongallated catechins (EGC and EC) are efficiently ab sorbed, but immediately converted to their conjugated forms; EGCg is less absorbed, but present as a free form a few hours after the intake.
Many studies have shown that antioxidant activities in plasma become maximum about 1h after the intake of tea or catechins (8, (13) (14) (15) . This reported time course was quite consistent with that for the changes in the plasma-free form of EGCg in this study and other studies (7, 8) . Therefore it is reasonable to speculate that the free form of EGCg is most responsible for the re ported increase in plasma antioxidant activity after drinking tea or catechins. To clarify these hypothesis, further studies focusing on time-dependent changes in the antioxidant activity and in the form of catechins, i.e., free and conjugated, will be needed. The present an alytical method should be useful for such future investi gation.
